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Abstract: In this paper, ammonia fuel as energy storage medium is introduced with its advantages of 
no pollution, high volumetric energy density and convenient transportation and storage in contrast with 
typical fossil fuels at first. And ammonia fuel energy storage system shows great advantages in large 
scale and less restriction of geographical conditions when compared with many other traditional energy 
storage methods. Besides, the energy consumption as well as the energy efficiency of several ammonia 
synthesis systems is calculated theoretically and industrially. The biggest problem associated with the 
cyclic and intermittent energy productions like nuclear energy, wind power, solar power and other 
renewable energy, is the surplus electricity utilization. Finally, this study proposes a new solution, 
where there are no carbon emissions upstream or downstream, that ammonia fuel could be 
compounded using valley power or abandoned electricity and then generating electricity when the 
supply of electricity is insufficient. It’s demonstrated that the life-cycle energy storage efficiency of 
ammonia fuel system related aforementioned synthesis process is 25%?40% and the conversion rate 
of electric power is 2.5?4.0 kW·h / 10 kW·h. 
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Table 1  combustion properties of fuels 
???? ? ? CNG ?? ?? ??
????? NH3 H2 CH4 C2H5OH C8H18 C12H26
??(25?)/MPa 1.03 70 25 0.1 0.1 0.1 
??? 130 130 120 89.7 85 ? 
????/GJ·m³ 11.8 3.0 9.4 21.2 32.2 35.4
LHV/MJ·kg1 18.8 121 50.0 26.9 43.8 42.5
????? 6.14 34.8 14.4 6.52 15.4 15.14
??????/MJ 8 0.02 0.30 0.14 0.29 ? 
????/cm·s1 6 300 41 39 40 33  
??????????
????????????????????
??????????????????????
????????????? 2????????
??????????????????????
??????????????????????
?????????? 4%??????????
??????????????????????
??????????????????????
??????????????????????
????????? 
? 2  ??????????????? 
Table 2  Exhaust emission from per unit of combustion 
energy 
?? ????/kg·MJ1 
????
/kg·MJ1 ?/kg·MJ
1 ??/kg·MJ1
? 0.384 0 0.085 0.298 
CNG 0.368 0.055 0.045 0.268 
?? 0.298 0 0.075 0.223 
?? 0.374 0.071 0.044 0.260 
?? 0.371 0.070 0.032 0.268 
?? 0.432 0.109 0.048 0.274  
????????????????????
6 ????????????????????
?????? 1???????????????
??????????? 11%?????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
????????????????????? 
???????????????????????? 
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Fig.1  Emission by the same amount air intake 
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??????????????????????
??????????????????????
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???????????????? 18?????
?? 80 ????????????? NOx???
NO ???? NO ???NO2??????? NO
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??? NOx???????????????
??????????????????????
???????????????? NO????
??????????????????????
?????? NO??????????????
1.15????? NOx?????[17]???????
??????????????????????
???????????[18]? 
?????????NOx?????????
??????????[19]??????????
NOx????????????????????
???????????SNCR?NO??????
NO2?? NO???? 550g/L??? 10g/L[20]? 
 3 22NH NO O  2 23H O 1.5N  ?1? 
 3 22NH NO NO  2 23H O 2N  ?2? 
????????????????????
??????????????????????
?????????????????? NOx??
??? HC?PM?SO2?? CO ????????
???????? 
????????????????????
??????????????????????
??????????????????????
??????????????????????
???????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????? 
2  ???????  
???? 4?????????? ?????+ 
????+H-B???? ???+????+H-B?
??? ?????+????+H-B???? ??
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??? 
?1???????????SMR??????
??????????????????/?????
?? CO2???????????????????
?????????????????????
??????????????????????
??????? 2(a)? 
 4 2 2 (l)1.5CH 1.5N 3H O  2 21.5CO 4H O  ?3? 
?2???????? 160?????????
??????????????????????
????[21]???????????????(4)?
?????? 2(b)? 
 2 (l) 2 20.885C 1.5H O +0.5N 0.135O  3 2NH 0.885CO ?4? 
?3???????????????????
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??????????????OH??????
????????????? H2O ? O2????
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500?600????????? Haber-Bosch ???
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??????????????????????
????[27]? 
 
? 2  ??????????a???????b???? 
?? 
Fig.2  Ammonia synthesis by fossil fuel (a)natural gas 
steam reforming (b) coal gasification 
?4???????????????? 400 ?
??????????????????????
???????????? N2???????N3?
???????????????N3??????
??????????????????????
??????????????????????
? H-B???? 10 MPa?? 750 K????????
??????????[13]??????? 3(b)??
??????????????????????
?????? 
 
? 3  ???????a???????????b????
????? 
Fig.3  Renewable-source ammonia (a) production from 
electricity (b) production from electrochemistry 
 323/ 2H O N  23NH 3/ 2O   ?7? 
3  ????? 
????????????
????????????????????
30?????????????????????
?????????? 3000 t/y????????
??????????? 13 h? 
????????????????????
???????????????? 3?????
???????????????? 75%[24]???
?????? 
?????????????????? 75%?
??????????????????? 79%?
??? 21%?????????????     
18.61 MJ/kg?????????????????
????????????? 3????????
??????? 60%[22]????????????
88%[23]???????????????????
????? 45%????????????? 95%? 
???????????????????????? 
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??????????????????
????????????????????
??????????????????????
??????????????????????
??????????????????????
?????????????? 75%??????
??????????????????????
??????????????????????
???????????????????? 4.4 
kW·h[24]?????????? 3.54 kW·h/ m3 H2[25]? 
????????????????????
?????? 3??????????????PSA 
???????? 3?????????????
??????????????????????
??????????????????????
?? 0.34?0.76 kW·h?????????????
?????????? 0.42?0.72 kW·h?????
PS ?????????????????    
0.60?0.76 kW·h[26]? 
????????????????????
??????????????????????
??????????????? 3???????
???????????? 70%????????
??????????? 4%?????????
??????? 45.7%?55.3%? 
? 3  ????????? 
Table 3  The energy efficiency of ammonia production 
from electricity 
Process Value Unit 
????2.5V? 3.54?4.4 kW·h·m
3 H2 
6.9?8.6 kW·h·kg1 NH3 
???? 0.34?0.76 kW·h·m
3 N2 
0.22?0.49 kW·h·kg1 NH3 
???? 2.25 kW·h·kg1 NH3 
?????? 9.37?11.3 kW·h·kg1 NH3 
??????? 45.7?55.3 % 
 
?????????????[27]?????
??????????????? 40%?????
?????????? 54.6%??????????
?? 4????? 300000 t/y??????????
?????[28]??????? 50 GJ/t??????
???? 37.2%???????????????? 
? 4  ???????? 
Table 4  The energy efficiency of ammonia production 
from coal gasification 
Process Value Unit 
????? 23.58 MJ·kg1 NH3 
????? 8.24 MJ·kg1 NH3 
???? 0.625 kW·h·kg1 NH3 
??????? 34.07 MJ·kg1 NH3 
??? 54.6 % 
? 5  ???????????? 
Table 5  The energy efficiency of ammonia production 
from natural gas steam reforming 
Process Value Unit 
???CH4? 25.1 MJ·kg1 NH3 
???CH4? 8.2 MJ·kg1 NH3 
??????? 33.3 MJ·kg1 NH3 
??? 55.9 % 
 
? 5??????????????????
??????????????????????
????? 75%?????????? 33.3 MJ?
????? 55.9%? 
???????????????? Gibbs ?
???????????????? 2.95 kW·h?
??????????????????????
???? 0.02 kW·h?????????????
???????? N0=0.01445 kW·h/m3 ??[29]?
??????????????????????
?????????????????????
71.5%???????????? 6? 
? 6  ??????? 
Table 6  The ideal energy efficiency of ammonia synthesis 
Process Value Unit 
??? 2.95 kW·h·m3 H2 
???? 0.02 kW·h·m3 N2 
???? 1.48 kW·h·kg1 NH3 
?????? 7.23 kW·h·kg1 NH3 
???? 71.5 % 
 
????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
????????????NOx????????
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??????????????????????
??????????????????????
??????????????????????
71.5%???????????????????
???????????????????????
????? 
?????????????????
????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
????????? 12.6%??????????
?? 15%??????2015???????? 200
?????????????????????2015
??????????? 114.2 ????[30]???
??????? 19%????? 7???????
??[31]? 
????????????????????
??????????????????????
??????????????????????
???????????????????????
??????????????????????
?????????? 1?3?? 500?600 ???
???????? Haber-Bosch ????????
??????????????????????
??????????????????????
??????????????????????
???????? 4?. 
????????????????????
?????????????? 3???????
??????????? 7????3000 t/y???
???? 3?????????????????
??? 
? 7  ????????????? 
Table 7  Generating ability of ammonia fuel  
???? 
???
??
/MW 
??/% ???/MW 
???
??? 
???? ? 60 1.18 3.00 
??????? 3.54 45 0.88 4.02 
???? ? 88 1.42 2.50 
? 7??????????????????
?????????????? 5???????
??????????????????????
?? 3??????????? 35.4 MW????
?? 30 ??????????? 354 MW ???
??????????????????????
????????? 100 MW[32]????????
??????????????????????
???????????????????????
??????????? 0.72 MJ/kg?1.47 MJ/L?[33]?
?????????????? 18.7 MJ/kg?11.8 
MJ/L?????????????? 26?????
?? 10???? 
????????????????????
????????????? 100 MW?????
?????????????????????? 
 
? 4  ??????????                   
Fig.4  The ammonia production program from surplus 
electricity 
 
? 5  ?????????? 
Fig.5  The storage ability of ammonia fuel 
???????????????????????? 
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??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????? 2%?????????????
?????????????????????
??????????????????????
???????? 
?????????P2P??????????
?????????????? 40%??????
?????????? 25%??????????
?????????????? 25%?40%???
??????????????????????? 
4  ?    ? 
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??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
?????????????????? 
?2???????????????????
??????????????????????
???????? 54.6%? 55.9%? 
?3???????????????????
??????? 71.5%???????? 45.7%?
55.3%???????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
?????? 
?4???????????????????
????????????? 3????????
??????????????????? 33%?
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